A Grey parrot, Griffin (Psittacus erithacus), previously taught English labels for various colors and shapes with respect to three-dimensional (3D) stimuli, was tested on his ability to transfer to very different twodimensional (2D) images consisting of modal and amodal completion stimuli. For modal completion (aka subjective contours), Kanizsa figures were constructed using black 'pac-men' to form regular polygons on colored paper. For amodal completion, portions of variously colored regular 2D polygons were occluded by black circles or other black figures. For each task, Griffin provided a vocal English shape label for five possible shapes designated by their vertices (one, two, three, four, six). His accuracy was high for both amodal completed figures, including probe stimuli (28/38 correct) and modally completed figures (29/38 correct), with chance = 0.20. The modally completed case (i.e., Kanizsa subjective figures) is of particular importance as there are no shared image parts between training and testing stimuli. We draw several conclusions from these results. First, a surface level completion process is fully operative insofar as Griffin was able to correctly identify shapes that differed considerably from training images. Second, because parrots can generalize from shapes of real objects to drawings where original image contours were clearly absent, the data provide a compelling example of shape invariance, indicating that visual shapes are processed far beyond that of their image description. Third, parrots with a repertoire of multiple vocal responses can be rigorously tested for visual competencies, an option as yet to be tried in other experimental animals.
Introduction
Data from many types of studies are used to claim that nonhuman subjects demonstrate various forms of higher order cognition (see, e.g., Wasserman & Zentall, 2006; Zentall & Wasserman, 2012) . However, with few exceptions (e.g., 'absence' and a zero-like concept; Pepperberg & Brezinsky, 1991; Pepperberg & Gordon, 2005) , such studies do not involve much in the way of strong generalization or transfer of concepts across domains, the latter being one of the few clear markers of higher order cognition (Rozin, 1976) . Specifically, in most studies with nonhumans, subjects are taught basic concepts by rote, under a formal reward schedule, otherwise known as operant conditioning; although subjects can acquire highly refined distinctions such as motion direction, identity versus non-identity, or the ability to discriminate complex visual patterns, stimuli used in transfer tests to examine the generalization of such abilities rarely differ significantly from those used for training. This format is colloquially known as ''teaching to the test." It is, however, an imperfect way to demonstrate broader knowledge (Oche, 2012) . Notably, nonhuman subjects in these paradigms may fail when given strong transfer tests (Peissig, Young, Wasserman, & Biederman, 2005) . Strong generalization, the ability to perform under the widest circumstances without additional training, provides a proven evaluative metric for this broader knowledge in the fields of education (Gobert, Baker, & Sao Pedro, 2011) and even machine learning (e.g., Luis, Sucar, & Morales, 2010) . Thus, a wider demonstration of this phenomenon would solidify claims for the robustness of nonhuman abilities with respect to learning and cognition.
Specifically, if we think of the most robust generalization/transfer as one that shows the most invariance of ability over the greatest range of image transformations, then we need to explore and test extremes. Prior studies (e.g., Pepperberg, 2006; Pepperberg & Carey, 2012; Pepperberg & Gordon, 2005) demonstrated that a Grey parrot could perform such generalizations and transfers with respect to number concepts, but the bird was tested in a more limited manner with respect to shape. That subject, named Alex (now http://dx.doi.org/10.1016/j.cognition.2016.04.014 0010-0277/Ó 2016 Elsevier B.V. All rights reserved.
